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26
The breast cancer susceptibility protein BRCA2 is essential for recombinational DNA 27 repair. BRCA2 specifically binds to RAD51 via 8 BRC repeat motifs and delivers RAD51 to 28 double-stranded DNA breaks. In this study, a mammalian two-hybrid assay and competitive
29
ELISA showed that the interaction between BRC repeat 4 (BRC4) and RAD51 was 30 strengthened by the substitution of a single BRC4 amino acid from valine to isoleucine 31 (V1532I). However, the cancer-associated V1532F mutant exhibited very weak interaction with 32 RAD51. This study used a comparative analysis of BRC4 between animal species to identify 33 V1532 as an important residue that interacts with RAD51.
Introduction
39
Mutations in the breast cancer susceptibility gene BRCA2 are associated with a 40 predisposition to breast and ovarian cancers [1, 2] . The product of this gene, BRCA2 protein, is 41 required for the homologous recombinational repair of DNA double-strand breaks (DSBs) [3, 4] .
42
Furthermore, it has been shown to associate with RAD51 recombinase, which is conserved from 43 yeasts to mammals [5, 6] . A primary outcome of BRCA2 deficiency is chromosomal instability, 44 which results from a deficiency in the repair of DNA lesions by homologous recombination [7] .
45
The direct interaction of BRCA2 with RAD51 is mediated by 8 highly conserved motifs called 46 BRC repeats that are positioned in exon 11 in human BRCA2 [8, 9] . A previous study 
50
In female dogs, mammary tumors are the most frequent type of neoplasm [11, 12] . It 51 was recently reported that mammary tumor development in dogs is associated with BRCA2 [13] .
52
The cloning of canine BRCA2 and RAD51 [14] facilitated the discovery of the interaction 53 between BRC repeats and the C-terminus of canine BRCA2 and RAD51 [15] [16] [17] . Surprisingly, 54 subsequent studies show that canine and feline BRC4 exhibit stronger interactions with RAD51 55 than human BRC4, which exhibits the strongest interaction among the 8 repeats (Fig. 1A) [18].
56
Only 4 canine BRC4 amino acids differ from human BRC4 (V1532I, K1533E, A1535T, and 57 D1547E), suggesting that these amino acids could be responsible for strengthening the 58 interaction with RAD51.
59
Although the human BRC4 amino acid residues 1524-FHTA-1527 and 60 1545-LFDE-1548 are critical for the interaction with RAD51 [9, 19] 
114
To identify the key residue to determine the differences in binding intensity, substitution 115 mutants of canine and feline BRC4, which mimic human BRC4, were constructed by 116 PCR-oriented mutagenesis; the substituted residues are shown in Fig. 2A . Luciferase activity 117 was lower in hBRC4 than in cBRC4 or fBRC4 mutants ( Fig. 2A right) . A reciprocal analysis 118 was conducted by substituting each of the 4 residues that differed between human and canine 119 BRC4, namely V1532I, K1533E, A1535T, and D1547E (Fig. 2B) 
130
To verify the results of the functional assay, the mutation tool in the UCSF Chimera software
131
package was used to analyze the possible structural outcomes of these substitutions (Fig. 3B ).
132
The Rotamers tool allows amino acid side chain rotamers to be viewed and evaluated [22] . Overexpression of V1532I mutant reduces the formation of RAD51 foci after ionizing radiation.
384
(A) The cell clones expressing EGFP and V1532I were visualized by EGFP autofluorescence.
385
Immunostaining of COS-7 cells transfected with EGFP-hBRC4 fusion proteins as described 386 previously [15] . Arrowheads, EGFP-positive cells containing RAD51 nuclear foci. Arrows, 
